We present the results of our analysis on V1481 Ori (JW 239), a young SB2 in the Orion Nebula Cluster with a circumbinary disc accreting on the lower-mass component. The analysis is based on high-resolution spectroscopic data and high-quality photometric time series about 20-yr long. Thanks to the spectroscopy, we confirm the binary nature of this system consisting of M3 + M4 components and derive the mass ratio M B /M A = 0.54, a variable luminosity ratio L B /L A = 0.68-0.94, and an orbital period P orb = 4.433 d. The photometric data allowed us to measure the rotation periods of the two components P phot = 4.4351 d and they are found to be synchronized with the orbital period. The simultaneous modeling of V-, I-band, and radial velocity curves in the 2005 season suggests that the variability is dominated by one hot spot on the secondary component covering at least ∼3.5% of the stellar surface and about 420 K hotter than the unperturbed photosphere. Such a spot may originate from the material of the circumbinary disc accreting onto the secondary component. We also detect an apparent 6-yr periodic variation in the position of this hot spot, which is inferred from the phase migration of the light curve maximum, which we interpret as due to either the presence of surface differential rotation as large as 0.065%, a value compatible with the fully convective components, or to a periodic exchange of angular momentum between the disc and the star, which implies a minimum magnetic field strength of 650 G at the stellar surface.
INTRODUCTION
Close binary systems with low-mass components in starforming regions are valuable astrophysical laboratories to address a number of important issues such as accretion, differential rotation, and rotation synchronization. Current models of accretion processes make different predictions (see, e.g., Artymowicz & Lubow 1996; de Val-Borro et al. 2011 ) about the component(s) on which the accretion takes place, especially in the case the components have different masses. A comparison of model results with real cases is, Cameron 2007). These expectations are supported by our own analysis as well as by other earlier observational studies (e.g., Johns-Krull 1996; Rice & Strassmeier 1996) that did not detect any significant evidence for surface differential rotation (SDR) in classical T Tauri (CTTS) stars. For example, Cohen et al. (2004) , basing their analysis on an approximately 4 yr long time series data of a sample of IC 348 members (∼ 2-3 Myr), neither detect clear evidence of activity cycles nor of photometric rotation period variations attributed to differential rotation. However, persistent spots that do not migrate may be responsible for the SDR nondetection. Another interesting issue concerns the time scale for the synchronization of the rotation of the system's components with the orbital period. To address this, we require measurements of photometric rotation periods of both components and of the orbital period. A few such interesting close binary systems have been monitored spectroscopically and photometrically over a long time base as a part of a program focussed on Young Stellar Objects (YSO) in the Orion Nebula Cluster (ONC) begun by Parihar and collaborators in 2004 (Parihar et al. 2009 ), using the facilities available at the Indian Astronomical Observatory (IAO). A number of the ONC members monitored at IAO have been also photometrically monitored at the Van Vleck Observatory (VVO) on the campus of Wesleyan University since 1991 by Herbst and collaborators (see, e.g., Herbst et al. 2000) . These two monitoring programs have provided us with a photometric data time series almost 20 year long for about one hundred ONC members. The data collected over such a long time span, together with spectroscopic data, allow us to explore the accretion processes, presence of SDR, and rotation/orbital period synchronization. In the present paper, we report the results obtained for one interesting ONC cluster member -the spectroscopic binary V1481 Ori. We find that this system exhibits periodic photometric variations that may originate from the presence of an accretion hot spot on the photosphere of the secondary component. The hot spot is carried in and out of view by the stellar rotation and produces periodic flux enhancements. Although the system does not exhibit any evidence of photometric rotation period variation, unexpectedly, it shows a periodic variation of the phase of the light curve maximum. This oscillation of the phase of maximum may arise from a variation of the angular velocity due to a periodic latitude migration of the hot spot on a differentially rotating star. An alternative explanation is that the disc and the star exchange angular momentum back and forth in a cyclic fashion. The literature on V1481 Ori is reviewd in Sect. 2, the spectroscopic and photometric observations are presented in Sect. 3, the photometric analysis is in Sect. 4, and the derived orbital and physical parameters are given in Sect. 5. Discussion and conclusions are presented in Sect. 6 and 7.
V1481 ORI
V1481 Ori (α = 05:35:03.92, δ = −05:29:03.35, J2000.0; V = 15.45 mag, V−I = 2.40 mag) is a low-mass member of the Orion Nebula Cluster. First catalogued with sequential number 1725 by Parenago (1954) in his survey of stars in the Orion Nebula area, it was subsequently discovered to be variable by Rosino (1956) from analysis of photographic plates. Jones & Walker (1988) , who assigned the number JW 239, also found evidence of variability. The rotation period P = 4.46 d was first measured by Edwards et al. (1993) , after this star was included in the photometric monitoring program at VVO in 1991 (Attridge & Herbst 1992) . It is designated as V1481 Ori in the 76th Name-List of Variable Stars (Kazarovets et al. 2001) . Basic stellar parameters were first determined by Hillenbrand (1997) who estimated a probability of membership to ONC of 99%, mass M = 0.24 M , radius R = 2.73 R , effective temperature T eff = 3590 K, interstellar absorption AV = 0.47 mag, and spectral type M1.5, whereas Edwards et al. (1993) assigned a later ∼M4 spectral type. Da Rio et al. (2010) have estimated a smaller reddening AV = 0.33 mag and a larger mass M 0.41 M . However, all these measurements referred to the unresolved system. Recently, V1481 Ori was discovered to be a SB2 system by Tobin et al. (2009) . Biazzo et al. (2009) (Furesz et al. 2008 ). The possible presence of a disc is indicated by near infrared (NIR) excess in both 2MASS and IRAC/Spitzer photometry (Werner et al. 2004) . Rebull et al. (2006) measure a value of [3.6] -[8] = 1.3 mag, indicative of an active accretion disc, and found hint that the accretion was variable. Based on these results, they classified it as CTTS. On the other hand, other measurements do not show any excess, like the values of ∆[I−K] = −0.03 mag measured by Rodriguezledesma et al. (2010) , or ∆[I−K] = 0.38 mag by Hillenbrand et al. (1998) , which is a value very close to the boundary adopted to distinguish disc from disc-less stars. The more recent WISE (Wide-field Infrared Survey Explorer) observations (Cutri et al. 2013 ) demonstrate a prominent IR excess, leaving no doubt about the presence of an accretion disc. V1481 Ori is also an X-ray source, first detected by the ROSAT satellite as part of surveys of ONC (Gagne et al. 1995 , Geier et al. 1995 , and subsequently by the CHAN-DRA satellite (Feigelson et al. 2002 , Getman et al. 2005 ).
OBSERVATIONS

Spectroscopy
The spectroscopic observations of V1481 Ori were obtained in Period 76A at the ESO/VLT telescope (Chile). Spectra were collected within the FLAMES (Fibre Large Array Multi Element Spectrograph) GTO with the multi-object GIRAFFE spectrograph in MEDUSA mode 1 . One of these spectra was analyzed by Biazzo et al. (2009) with the aim to study the disc-locking scenario for low-mass stars in the Orion Nebula Cluster. Observations were carried out in [2005] [2006] from October 15th to January 20th (∼8.4 h on 11 nights). The HR15 GIRAFFE setup (R ∼ 19 300, λ = 659.9 − 695.5 nm) was chosen. The log of spectroscopic observations is given in Table 1 . A total of eleven spectra of V1481 Ori were obtained and reduced using the GIRAFFE Base-Line Data Reduction Software (girBLDRS; Blecha et al. 2000) . Sky subtraction was applied following the prescriptions reported in Biazzo et al. (2009) .
Photometry
The photometric analysis is based on observations collected during two in-progress monitoring programs of ONC members. The first and longest one is the program carried out by Herbst and collaborators at the Van Vleck Observatory since 1991 (VVO; see, e.g., Herbst et al. 2000) . The second and more recent one is the observing program carried out by Parihar and collaborators at the Indian Astronomical Observatory since 2003 (IAO; see Parihar et al. 2009 ).
In order to get a homogeneous time series of I-band magnitudes, we proceeded as follows. We selected first the time intervals during which both IAO and VVO photometry were almost contemporary (in the years 2004 and 2005) . Then, we folded the light curves with the already known rotation period (from Herbst et al. 2000) and, finally, added a magnitude offset to the VVO data to match with the IAO light curves with the aim to minimize the magnitude dispersion versus rotation phase. This offset ∆I = 0.04 mag arises from either difference between the Johnson-Cousin filter at VVO and Bessel filter at IAO and the uncertainty on the magnitude standardization. The same magnitude offset was applied to all VVO data. In December 1994, V1481 Ori was simultaneously observed at VVO and by Stassun et al. 1999 with the 1-m telescope at the Wise Observatory, as part of an independent program. As previously done, we added an offset to the differential magnitudes by Stassun et al. 1999 in order to minimize the magnitude dispersion versus rotation phase with respect to trograph. Some fibres are set on the target stars and others on the sky background.
the VVO data. In the end, the precision with which photometric sets coming from different telescopes were combined together was comparable to the average photometric precision of each independent data set.
We applied a 3σ clipping filter to remove outliers on each seasonal time series, where σ is the standard deviation of the seasonal magnitude time series. In principle, some outlier may represent a flare event. However, for the purposes of the present study we focused on only variability arising from the rotational modulation. Then, we averaged observations collected within a time interval of 1 hr. More details on the data reduction are given in Parihar et al. (2009) and Herbst et al. (2000) . Our final dataset consists of 1552 measurements spanning a time interval of about 20 yr from October 1991 to March 2011. A summary of the observations is given in 
PHOTOMETRIC ANALYSIS
Correlation analysis
The multi-band observations collected between 2004 and 2008 allow us to infer some additional information on the nature of the observed variability. For each seasonal light curve we have carried out correlation and linear regression analyses between colors and magnitude variations, which we measured in our light and color curves, by computing correlation coefficients (r), their significance level (α), and slopes of linear fits (Fig. 1) . The significance level α represents the probability of observing a value of the correlation coefficient larger than r for a random sample having the same number of observations and degrees of freedom (Bevington 1969) .
We find that the Pearson linear correlation coefficients (r) are larger than 0.90 in every season and their significance levels, α, are larger than 99%. The slopes of the V versus I variations, derived from linear regression analysis, vary from season to season in the range dV/dI = 1.24-1.86 (dR/dI = 1.40, dV/dR = 1.07 in 2008). Similarly, we computed the slopes of the V versus V−I variations and found them to vary in the range dV/d(V−I) = 1.84-2.04, with a mean value of 1.89. Correlation analysis allows us to investigate the origin of magnitude and color variations. For example, if these variations originate from a single spot or group of small spots, as well as if they originate from two different, but spatially and temporally correlated types of inhomogeneities, e.g. cool spots and hot faculae, we expect these quantities to be correlated. On the contrary, a poor correlation or its absence will tell us that magnitude and colors are affected by at least two mechanisms, which are operating independently from each other, either spatially or temporally. The regression analysis is also important to infer information on the properties of photospheric inhomogeneities, since their averaged temperature mostly determines the slope of the trends. Indeed, surface inhomogeneities with different areas but constant temperature will determine magnitude and color variation of different amplitude but with a rather constant ratio. Assuming that magnetic activity is present in both components of V1149 Ori, this circumstance may also play a role in decreasing the expected correlation, since the variabilities arising from the two components are not necessarily correlated. However, we find that the light variations in all bands are strongly correlated, which indicates that either the photometric variability of one component likely dominates over the variability from the other component or they have same periodicities. The spectroscopic analysis in Sect. 5 will show that the secondary component dominates the observed variability, which arises from a hot spot produced by the infalling gas from the accreting disc. Therefore, in the subsequent analysis we will neglect the contribution to variability by the primary component that will be assumed to be negligible.
The brightest magnitudes and bluest colors of V1481 Ori were observed in the 2010/2011 season and they are V = 14.62±0.01 mag, I = 12.61±0.01 mag, and V−I = 2.01±0.02 mag, whereas the faintest and reddest were observed in 1994/1995 and they are V = 15.45±0.01 mag, I = 13.05±0.01 mag, and V−I = 2.40±0.02 mag. Therefore, the stars exhibit a variability amplitude of ∆V = 0.83±0.015 mag, ∆I = 0.44±0.015 mag, and ∆(V−I) = 0.39±0.03 mag. When modeling the observed magnitude variations, we must keep in mind that they refer to the unresolved system. Therefore, owing to a dilution effect due to the presence of the primary component, which in the present case is a factor 2.18 derived from the magnitude difference between the two components in the I band, the total magnitude variations of the secondary component are larger by about the same factor than those observed.
Search for rotation period
The light curves of low-mass active stars are known to be characterized by changes of amplitude and shape over different timescales. During the PMS evolution, WTTS have generally quite stable light curves that maintain similar amplitude and shape for several rotation cycles. On the contrary, CTTS can exhibit significant variations during the same season or from one observation season to the subsequent one, owing to variable accretion phenomena (see, e.g., Grankin et al. 2007 , Grankin et al. 2008 . To search for such variations, we decided to divide the whole time series into a number of segments, corresponding to single observation seasons. Therefore, our analysis was carried out on 19 different light curve segments as well as on the complete time series (see Table 2 ).
The period search was carried out using the LombScargle periodogram (Scargle 1982) . The false alarm probability (FAP), that is the probability that a periodicity is not true but simply arises from noise associated to the data, was computed using the bootstrap approach proposed by Herbst et al. (2000) , i.e., by generating 1000 artificial light curves obtained from the real one, keeping the date but scrambling the magnitude values. We performed the periodogram analysis on each fake randomized dataset and determined the power level corresponding to a false alarm probability FAP = 0.01. We decide to consider only periodicity with FAP < 0.01, that is with confidence level larger than 99%.
In Table 3 we summarize the results of our period search. The same periodicity, which we attribute to the rotation period, was detected with high confidence level in 18 of 19 light curves, as well as in the complete time series. The uncertainty on the period determination was computed following Lamm et al. (2004) . In Fig. 2 we display the seasonal time series versus HJD (left column); the periodogram with over-plotted (horizontal dashed line) and the power level corresponding to FAP = 0.01 (middle column); the I-band light curves phased with the ephemeris HJD = 2453658.8320 + 4.4351×E (right column). We note that in only one season the period is not detected with FAP < 0.01. Nonetheless, the phased light curve is very smooth and it allows us to accurately determine the phase of maximum. The average rotation period is P = 4.439 ± 0.011 d. The largest period variation in the series listed in Table 3 is 0.04d, which is smaller than the average uncertainty on the period determination (0.05d). Considering the average period and its uncertainty, all seasonal period determinations differ from the average by less than 2σ. Therefore, we infer that our star does not show any rotation period variation larger than 0.7%, which is the minimum variation at 3σ level detectable by our analysis. When we plotted the series of 19 light curves using the average rotation period to compute the rotation phases, we noted a linear migration of the phases of light curve maximum (owing to the presence of hot spots, we consider the light maximum). We made use of the O−C diagram to find the value for which the series of maxima did not exhibit any linear trend (see bottom panel of Fig. 3) , and found the following rotation period P = 4.4351 d. In the right column of Fig. 2 , lightcurves are phased with the ephemeris HJD = 2453658.8320 + 4.4351×E. This is the rotation period of the component hosting the hot spot. As we will see from the light curve modeling and the spectroscopic analysis, the hot spot is hosted by the secondary component. Since the primary component is brighter than the secondary component, its photometric variability is expected to be significant even if the system is not resolved. Now, if the primary component would rotate with a period different that the rotation period of the secondary component, we would expect to find its modulation in the photometric timeseries. However, we note that in neither in the periodogram of the complete photometric series nor in the seasonal periodograms we found evidence for a significant secondary period. Therefore, we can consider that both components have the same rotation that is synchronized with the orbital period. This is particularly interesting because it proves that the components of a close binary can be synchronized during the PMS stage of their evolution. However, we cannot completely rule out the possibility that the primary has a different rotation period, but being quite inactive, although this circumstance is quite unlikely, we do not detect it neither in the light curves nor in the periodograms.
Pooled variance analysis
We applied also the pooled variance analysis as proposed by Dobson et al. (1990) , Donahue et al. (1992) , and Donahue et al. (1997) to our data time series. The pooled variance is the average variance of the data subsets of length τ . The variance profile plotted in Fig. 4 allows us to identify three characteristic time intervals. The rotational modulation of the flux arising from the presence of active regions produces the first rise of the variance, up to a timescale about 5 days. The pooled variance stays more or less constant for a time interval from about 5 days up to about 1000 days, that should correspond to the lifetime of the largest surface brightness inhomogeneities. Our photometric times series is not long enough to infer additional information for timescales longer than 1000 days. Therefore, we confirms that the bright region responsible for the observed variability (which we will show to be the hot spot on the accreting secondary component) is quite stable for about 3 years, which makes the season-to-season variation of the light curve very smooth.
Search for long-term cycles
The Lomb-Scargle periodogram was also used to investigate the presence of significant long-term periodicities. We com- puted the periodograms of four different variability indicators: I-band magnitudes, brightest and faintest light curve magnitudes for each light curve segment, light curve amplitudes, and phases of light curve maximum. We find that our I-band magnitude time series displays a long-term increasing linear trend indicating that the system is getting brighter with time. Such a trend may be a segment of a very long activity cycle. Two significant (FAP < 0.01%) periodicities P1 = 2017d (5.5 yr) and P2 = 3563d (9.8 yr) are found superimposed to this linear trend. Similar analysis was performed on the series of light curve brightest magnitudes, from which we derived a cycle P1 = 3763d (10.3 yr), and on the light curve amplitude, from which we derived a cycle P1 = 2413d (6.6 yr). The periodogram analysis of the light curve faintest magnitudes did not reveal any significant periodicity. Finally, we made the periodogram of the light curve phase of maxima and found an oscillation with period Posc = 2195d (6 yr). All these periods have a FAP < 1%. The results are summarized in Table 6 . In Fig. 3 , we plot the complete time series of I-band magnitudes (top panel) overplotted with the linear and sinusoidal fits with the two periods (5.5 and 9.7 yr). In the bottom panel, we plot the phases of maximum overplotted with the sinusoidal fit with the period of 6 yr. We note that our measurements allow us to sample three complete cycles of the phase variation which makes us rather confident that this periodicity may be real. However, a much longer time series is needed to address this issue of possible long-term cycles. 
ORBITAL AND PHYSICAL PARAMETERS
Radial velocity
We measured radial velocities (RVs) and their uncertainties following the procedure described in Biazzo et al. (2009) , which is based on the analysis of the CCFs between stellar spectra and numerical masks (see that paper for details). In nine spectra, far from the conjunctions, we could resolve both binary components and get their respective RVs from two separate Gaussian fits. In the other two spectra, at phases very close to the conjunctions, we were able to see only one peak in the CCF and to measure blended RVs. Regions containing telluric lines were removed. The RV values of both primary (more massive) and secondary components are listed in Table 4 and plotted in Fig. 5 , together with their errors.
We used the RV curves to search for orbital fitting parameters and their uncertainties, following the prescriptions of Lucy & Sweeney (1971) for circular orbits and using the CURVEFIT routine (Bevington 1969) in IDL 2 . Thus, adopting the condition of null eccentricity (e = 0), we obtained an Table 5 (see also Fig. 5 ). . Radial velocity curve of the binary system V1481 Ori phased with the orbital period P = 4.433 d. Circles and squares refer to the primary and the secondary components, respectively, while asterisks are used when the two components were not resolved in the spectra. The RV errors are also shown and are smaller than the symbol size. The solid and dashed lines represent the circular orbital solutions for the primary and secondary components, respectively, whereas the dotted line is the mean barycentric RV value. Table 5 . Measured orbital parameters: orbital period (P orb ), barycentric velocity (γ), and RV semi-amplitude of the binary components (k A , k B ). . All these results were obtained before the binary nature of the system was known. In contrast to earlier works, we are now in the position to obtain the parameters of the individual components. The CCF peaks show that the binary components have similar spectral types. When spectral types of binary components are not very different (within one spectral class), the relative intensities of the CCF peaks provide a good proxy of individual stellar fluxes to the combined flux (see , and references therein). Since the stars are components of a binary system, they share the same distance, and therefore the flux ratio provide a good approximation of the luminosity ratio. We can therefore assume that the ratio of the CCF peaks allows us to infer the luminosity ratio LB/LA of the components. We find a variable luminosity ratio with an average value of 0.79 between the two components and a mass ratio MB/MA = 0.55. Evolutionary models can help us to find masses and radii of both components. First, considering the hot spot as the cause of the observed variability, we will use the faintest and reddest magnitude and color to position the system components on the Magnitude-T eff diagram. Subsequently, we will consider the brightest magnitude and bluest color to position the components in the diagram. We assume that the faintest observed I-band magnitude, I = 13.05 mag, represents the unperturbed photosphere, unaffected by either accretion effects or starspots. Applying the extinction correction, AI = 0.16 mag, which is derived from AV = 0.33 mag, assuming AI/ AV = 0.479 (Cardelli et al. 1989) , and the distance d = 389.5±18 pc (obtained from a weighted mean of the values given by Jeffries (2007) , Sandstrom et al. (2007) , and Bertout et al. (1999) ), we derive the absolute reddening-corrected magnitude I = 4.94±0.10 mag for the unresolved system. We obtain I = 4.49±0.10 mag if we instead assume the brightest observed magnitude corresponds to the star immaculate state. From our spectroscopic and photometric analysis we know that the orbital and rotation periods are synchronized. Therefore, it is reasonable to assume that both components have same inclination of their rotation axes. In such a case, the ratio between the projected rotational velocities is equal to the ratio between the stellar radii, i.e., RB/RA = 0.84±0.11. We can use these observational constraints and the Baraffe et al. (1998) models to find the masses of the individual components. Considering a possible age spread among the ONC members, we used models in the age range from 0.5 to 3 Myr. We find that the measured mass and radius ratios are best reproduced by two stars with masses MA = 0.45 M and MB = 0.25 M with radii RA = 1.97 R and RB = 1.57 R at an age of 1 Myr and with a luminosity ratio LB/LA = 0.54.
Luminosity ratio
The model-derived absolute I-band magnitudes and effective temperatures for the two components are IA = 5.54 mag and IB = 6.26 mag and TA = 3390 K and TB = 3240 K (black bullets in Fig. 6 ). Since the two components are at the same distance from the Sun and have similar spectral types, we assume that the flux ratio FB/FA LB/LA = 0.54 and, therefore, we can infer the magnitude correction to apply to the observed absolute magnitude (I = 4.94±0.10 mag) to compute the absolute magnitudes of the individual components. Specifically, we obtain IA = 5.41±10 mag and IB = 6.08±0.10 mag (red squares in Fig. 6 ). In contrast to the previous assumption, if we consider the brightest observed magnitude I = 12.60 mag as corresponding to the immaculate state, we obtain IA = 4.95±0.10 mag and IB = 5.61±0.10 mag (blue squares in Fig. 6 ), which are irreconcilable with the model values.
The magnitude difference ∆I = 0.45±0.02 mag between the faintest and brightest state implies that the observed flux, and consequently the luminosity at the brightest level, is about a factor 1.5 larger than expected from the model. This is in very good agreement with the mean luminosity ratio LB/LA = 0.79 derived from our spectroscopic analysis, which is a factor 1.5 larger than the value LB/LA = 0.54 derived from the model. This result is the first clear evidence measured by Biazzo et al. (2009) , and our rotation period we find the inclination of the stellar rotation axes to be iA iB = 60
• . Considering that the separation between the components is about 10 solar radii as inferred from the Kepler law (and smaller from surface to surface), which is the typical size of magnetospheres around TTS stars, and that these magnetospheres are likely interacting, it is unlikely that each component has its own freely orbiting circumstellar disc. Rather the system presumably possesses a circumbinary disc that falls primarily onto the secondary, because its orbit carries it a bit closer to the inner edge of any circumbinary disc with respect to the primary component. Consequently, the secondary component exhibits a hot spot that is responsible for the observed variability of the whole system and makes the component B up to one and a one-half times more luminous than expected from a quiet state.
Hot spot modeling
To further investigate our hypothesis of a hot spot, we modeled the observed V and I magnitude variations, by selecting the light curve (#14) obtained at the mean epoch HJD 2453668.802 almost simultaneously with the spectroscopic observations. We used the Prsa & Zwitter (2005) PHOEBE program to simultaneously fit the V and I light curves, as well as the spectroscopic RV curves. Initial guess values of the spot parameters were obtained after preliminary models of the individual light curves using Binary Maker 3.0 (Bradstreet & Steelman 2004). We used as input values the known orbital and physical parameters presented in this Section. The gravity-darkening coefficient has been assumed to be ν = 0.25 (Kopal 1959) , and the limb-darkening coefficients from Claret et al. (1995) were adopted. Thanks to the dependence of the light curve amplitude on the photometric band wavelength, we could constrain the spot temperature contrast and better determine the area of the spots responsible for the flux rotational modulation. An inspection by eye in the top panel of Fig. 7 immediately reveals that the two light curves do not have the same shape, so it is not a surprise that fitting both equally well failed. On the other hand, the fit to the V light curve is satisfactory, in that the models fit all the bumps and wiggles of that curve. However, the same spot in I-band flux fails, although it predicts the correct amplitude. We also could successfully fit only the Iband flux curve (reduced χ 2 V = 0.70 chi square). However, when we use same parameters for the V light curve, they do not fit at all (reduced χ 2 I = 2.4). We have to remind the reader that we are adopting a very simplified scenario, where the observed variability is assumed to be caused by only the hot spots on the secondary component (see bottom panel of Fig. 7) . However, since both components are magnetically active, we expect that also cool spots and hot faculae on both components can contribute to the observed variability, revealing the limits of our modeling approach.
The best fit of both curves (χ • and a temperature contrast Tspot/T ef f = 1.13 (∆T = 420 K), whose best visibility is at phase φ = 0.13 (see Fig. 7 ). Assuming that the excess flux emitted by the hot spot comes from the accretion luminosity, we estimate a lower limit to the mass accrection rate of 9.3×10
−10 M yr −1 , not implausible for single late-type T Tau stars of similar mass (e.g., Ingleby et al. 2013) .
In Fig. 8 , we plot, from top to bottom, the radial velocity curves, the LB/LA luminosity ratio, and the V-band flux curve, which is normalized to the brightest light curve magnitude, versus the orbital phase. We note a very good correspondence between the luminosity ratio and the V light curves. When the flux is maximum, i.e. when the hot spot has best visibility, also the luminosity ratio is maximum. This correspondence supports the presence of the hot spot on the secondary component. The two maxima are at about orbital phase φ = 0.19, which means that the hot spot photocenter is offset by about 70
• in longitude from the conjunction of the two components.
Our spot modeling is focussed only on the 2005 observation season during which we could also get the spectra. However, an inspection at the top panel of Fig. 3 reveals that brightest, faintest magnitudes, and light curve amplitude all vary from season to season. Such variations likely correspond to different combinations of area and average latitude of the accretion hot spot. As well, in contrast to the 2005 season, when the variability was dominated by the hot spot, also cool spots may contribute in other seasons to the observed variations.
DISCUSSION
The available data show that the components of V1481 Ori seem to belong to Class II (CTTS). In fact, the Hα line, the prominent IR excess, and the presence of an accreting hot spot as inferred from our modeling, are consistent with the existence of a circumbinary accretion disc typical of CTTS stars. Moreover, its optical light curve amplitude, after correction for the light dilution effect, is ∆I > 0.44 mag (∆V > 0.70 mag), which is a value observed in CTTS stars, whereas WTTS stars generally exhibit lower amplitudes (see, e.g. Herbst et al. 1994) . Despite the stochastic variability generally associated with accretion phenomena, V1481 Ori is one of the known ONC members with the most stable light curves (see Fig. 2 ). The pooled variance profile shown in Fig. 4 also shows that the variability mostly comes from the rotation and additional variability sources start contributing at much longer time scales (> 3 yr). This behavior suggests that the secondary component of V1481 Ori has an accretion disc though the accretion is moderate and quite stable; or, that the accretion from a circumbinary disc is primarily onto the secondary, as models suggest. Our measurements of the luminosity ratio show that it is variable in the range from 0.68 to 0.94. This variation is correlated to the orbital phase and can be accounted by a hot spot covering about 3.5% of the photosphere. However, the minimum value 0.69 is about 30% larger than expected in the case of no accretion. This means that we must invoke the presence of an additional component of bright regions that are quite visible at all phases and therefore not undergoing rotational modulation. In this case, the shape of the hot spot must be quite more complicated than that we could model. We can image that the infalling gas from the disc produces a quite uniform bright belt at the latitude where the hot spot is located, with superimposed the hot spot. The existence of a circumbinary disc that is accreting material on the secondary component gives a strong observational support to the models of Artymowicz & Lubow (1996) . These models predict that, in the case of close T Tauri binaries with low eccentricity and with unequal component masses, the mass flow from the circumbinary disc occurs preferentially onto the lower mass object. Our findings, on the contrary, give less support to other models, e.g., by de Val-Borro et al. (2011) , that predict the accretion to occur on both components, although we cannot rule out the presence of at least some accretion onto the primary. Fully convective stars such as V1481 Ori are expected to rotate as a solid body. Indeed, we do not detect any evidence of SDR from seasonal rotation period variations at the 0.7% level, which is the 3σ precision of our rotation period measurements. On the other hand, young main sequence stars with a rotation period of about 5 days generally exhibit variations of the measured photometric rotation period ∆P/P up to 5%, which are attributed to surface differential rotation (e.g., Messina & Guinan 2003) . What we unexpectedly found is a possible slow oscillation of the phase of maximum with period of about 6 years. Such an oscillation can arise from a variation of the angular velocity with which the hot spot producing the light modulation is carried out across the photosphere. This angular velocity exhibits a variation ∆Ω/Ω = 0.065%, which is a factor 20 smaller than the precision with which our measurements can reveal rotation period variations. This may be a nice example case of how powerful the analysis of phase migration of light curve minima in SDR studies can be. The angular velocity variation we observed can be due to a periodic latitude migration of the hot spot on a differentially rotating star. In this case, we measure a lower limit to the amplitude of SDR, since the latitude interval spanned by the hot spot is limited.
Because our star is probably locked to its accretion disc by its strong magnetic field, an alternative explanation is that the disc and the star exchange angular momentum back and forth in a cyclic fashion. In this case, assuming the stellar parameters given above and an internal structure as a polytrope of index n = 3/2, we can estimate the minimum magnetic field strength required to transfer a sufficient amount of angular momentum during an oscillation period to account for the observed amplitude (see Appendix A). We find a minimum field strength of about 650 G at the stellar surface, that is in agreement with the strong surface fields found in T Tau stars.
CONCLUSIONS
We have carried out a photometric and spectroscopic study of the SB2 spectroscopic binary V1481 Ori, a member of the Orion Nebula Cluster. Spectroscopic data were collected at the ESO/VLT and photometric data were collected at the Indian Astronomical Observatory since 2004. The latter were complemented with photometric observations performed at Van Vleck Observatory since 1991, totaling a series of about 20 yr of I-band photometry. Our spectroscopic analysis has allowed us to confirm the binary nature of this system, obtaining the radial velocity curves of both components, from which we derived the orbital period P orb = 4.433 d, the mass ratio MB/MA = 0.54, and the luminosity ratio LB/LA, which is found to vary with orbital phase. A comparison with evolutionary models from Baraffe et al. (1998) allowed us to infer masses MA = 0.45 M and MB = 0.25 M and radii RA = 1.97 R and RB = 1.57 R of both components, and the inclination of the rotation axes iA iB = 60
• . The analysis of photometric data has allowed us to detect a very stable light modulation with an average period Prot = 4.4351 d that we attribute to the presence of a hot spot, which is presumably generated by material accreting from a circumbinary disc onto the lower-mass component, and is carried in and out of view during the orbital revolution. Although both components are expected to host some level of magnetic activity (starspots) due to the deep convection zone and the fast rotation, the observed variability arising from this hot spot seems to be dominant with respect to any additional contribution from cool spots. The presence of a hot spot on the secondary component is also found by our modeling of the multi-band light curves and RV curves collected in the 2005 season. We find that luminosity ratio variations correlate very well with the I-band flux variations, in the sense that the maximum luminosity ratio is observed at the same phases (0.2-0.3) that the light curve has its maximum. This circumstance gives strong support to the presence of a hot spot as cause of the observed variability. The hot spot is located at about 70 deg from the substellar longitude. Our findings favor those accretion models predicting, in the case of close T Tauri binaries with low eccentricity and with unequal component masses, the mass flow from the circumbinary disc to occur preferentially onto the lower mass object.
From the migration in phase of the light curve maximum we infer a variation of the photometric period of 0.065%. That is very close to rigid-body rotation, as expected by the models mentioned in the Introduction. We find an interesting periodic oscillation of about 6 yr that can arise from a variation of the angular velocity with which the hot spot producing the light modulation is carried out across the photosphere. The angular velocity variation we observed can be due to a periodic latitude migration of the hot spot on a differentially rotating star. An alternative explanation is that the disc and the star exchange angular momentum back and forth in a cyclic fashion. In this case, we find a minimum required field strength of about 650 G at the stellar surface, that is in agreement with the strong surface fields found in T Tau stars.
